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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor: Jose Ramon Botella 

Serial No. : To be assigned 

Filing Date: Concurrently Herewith 

For: NOVEL ACC SYNTHASE GENES 

Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

SIR: 

PRELIMINARY AMENDMENT 

Prior to examination and prior to calculation of the filing fee, kindly amend this application as 
follows: 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

On page 1, between lines 3 and 4, insert -This application is a continuation of U.S. Patent 
Application No. 09/043,687 (issuing September 26, 2000 as U.S. Patent No. 6, 124,525), which 
claims benefit of International Application No. PCT/AU/96/00591 filed June 10, 1997, which 
claims benefit of Australian Patent Application Nos. PN5559 filed September 20, 1995 and 
PN9603 filed May 2, 1996.- 

IN THE CLAIMS: 

Please amend the claims as follows: 

In claim 1 1, line 1, after "Claim 9", kindly delete "or Claim 10". 
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In claim 14, line 1, after "Claim 12", kindly delete "or Claim 13". 
In claim 17, line 1, after "Claim 15", kindly delete "or Claim 16". 

18. (Amended) A vector which contains at least one copy of a nucleotide sequence as 
claimed in [any of Claims 1-8] Claim 1 . 

In claim 20, line 2, after "Claim 9", kindly delete "or Claim 10". 
In claim 21, line 2, after "Claim 15", kindly delete "or Claim 16". 

REMARKS 

Prior to examination of the application, Applicant respectftilly requests entry of the above 
amendment. The specification has been amended to insert the cross reference to related 
applications and list the priority applications. No new matter has been added by way of this 
amendment. 

No fee is believed due in connection with the present amendment. In the event a fee is 
deemed due, authority is hereby given to charge any such deficiency to Deposit Account No. 13- 
2165. 

Respectfiilly submitted, 
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Bruce M. Collins 
Reg. No. 20,066 
Attorney for Applicant 




[ary Kal^fuda 
Reg. No. 39,245 
Attorney for Applicant 
MATHEWS, COLLINS, SHEPHERD & GOULD, P A. 
100 Thanet Circle, Suite 306 
Princeton, New Jersey 08540-3662 
Telephone:(609) 924-8555 
Fascimile:(609) 924-3036 
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TITLE 

"NOVEL NUCLEOTIDE SEQUENCES ENCODING ACC 
SYNTHASE ENZYMES" 
FIELD QF THE INVENTION 

Tills Invention relates to ACC synthase and, in particular, 
novel nudeolide sequences encoding ACC synthase enzymes derived 
fronn pineapple, papaya and mango. 

BACK6RQUNP OF THE INVENTION 

Ethylene is a wellnBstabiished plant hormonOv ft plays an 
important role in virtually every phase of plant development including seed 
germination, fruit ripening^ leaf and flower senescence, and abscission. 
The production of eUiylene may also be induced by e>demal factors such 
as mechanical wounding, anaerobiosis, auxin treatment, ultraviolet light, 
temperature extremes, water stress, and ions such as cadmium, and 
lithium ions (Abeles, F.B., 1973, EOiylene in Plant Biology, 197-219, 
Academic Press, London: Yang & Hofirnan. 1984, Annu. Rev. Plant 
PhysioL, 35, 155-189). 

The pathway for ethylene biosynthesis has been 
established, Hie first step of which involves the formation of S-adenosyl-L- 
methionine (AdoMet) by S-adenosyl-L-methionine synthetase. AdoMet is. 
subsequentJy converted by S-adenosyl-L-methlonlne methylfliio- 
adenos}ne-4yase (ACC synthase: EC 44.1 ,14) td the nonprotein amino 
add l-amlnocyclopropane-1 carboxyllc acid (ACC), the immediate 
precursor of ethylene In higher plants (Adams & Yang, 1979^ Proc. Natl. 
Acad. Sci. USA, 76, 170-174). Physiological analysis has suggested thsX 
this is the key regulatory step In the pathway, (Kende, 1989, Plant 
Physiol, 91, 1-4). Thus, the rale of endogenous expression of ACC 
synthase is considered to limit substantially the rate of ethylene 
production. 

It appears that ACC synthase is encoded by a highly 
divergent multlgene family (for a review, see Theologis, A, 1992, Cell, 70, 
181-184; Kende, H,. 1993. Annu. Rev, Plant Physiol. Plant MoL BfoL, 44, 
283-307). In tomato, for example. ACC synthase is encoded by at least 
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six genes, two of which are expressed in fruit ripening (Van der Straeten 
et a/., 1990, Proc. Natl: Acad, Sd. USA, 87, 4859-4863; Olson aA, 
1981, Proc. Natl. Acad. Sd USA, 88, 5340-5344; Rottmann et aL, 1991, 
J, Mol. Blot., 222, 937*961; Yipp ei a/„ 1992, Proc. Nati. Acad. Sd: USA, 
5 89.2475-2470). 

In addition, reference may be made to an arBole by 
Theologis, A. (1992, suprd) in which the stmcture and exprassion of 20 
ACC synthase genes were compafed from a variety of plant ©pedes 
including winter squash, zucdilni, tomato, Arabidopsis. apple, rice, mung 
10 bean and camaSon. This comparison suggested that the ^ctencivc 
polymorphism and distinct regulatory networks governing the expression 
of ACC synthase subfamilies arose ear^ In plant evolution, prior to the 
divergence of monocotyiedons and dicotyledons. 
J It is well known that- endogenous ethylene is often 

i 15 deleterious to crops. In parficular, increased ethylene produclion due to 
f ; trauma caused by mechanical wounding of fruits and vegetables, and the 

m cutHng of flowers greatly diminishes their post harvest quality and storage 

% life. Thus, ft has t>een a major goal of postharvest physiologists to effect 

=y suppression of fruit ripening and flower fading by inhibiting the 

;2 20 biosynthesis of ettiyJene, 

Q To this end, a strategy has been developed that takes 

advantage of the modulation pnDperties of ACC synttiase in the control of 
etinylene biosynthesis* In this regard, reference may be made to 
international Application Publication No, WO 92/04456 which is directed 

25 to inhibition of expression of endogenous ACC synthase using an 
antisense expression system. This system comprises a DNA molecule 
capable of generating, when contained in a plant host cell, a 
complementary RNA that Is sufficiently complementary to an RNA 
transcribed from an endogenous ACC synthase gene to prevent the 

30 synthesis of endogenous ACC synthase. Ethylene production in fruits of 
transgenic tomato plants engineered using this system was inhibited by 
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. 99.5% and, as a consequence, faiit ripening was suppressed, la addition, 
the application of ethylene or . propylene to. the frufts of these plants 
restored nomial ripening. 

Thus, ACC synthase genes may be used as tangets'for the 
5 generation of transgenic plants fn which endogenous expression of ACC 
synthase Is inhibited to effect suppression of ethylene producUon and a 
concomitant delay In fmit ripening* 

The efflcacy of this system, however, is predicated on the 
condition that the antisense RNA is suflRcientiy complementary to the 
10 transcript expressed from the target gene. Accordingly, if there is diversity 
between different ACC synthase genes, the use in this- system for 
example, of a particular ACC synthase gene from one plant species would 
not be expected to inhibit the expression of an ACC synthase gene trom 
another plant species. This is supported on page- 5 of WO 92/04456 
15 which states: *Wh!le the various ACC syntiiases are generally active fn a 
variety of plant tissues^ the DNAs are not completely homologous, and 
therefore the use of the genetic materials for control of synthesis, for 
example, using an antisense strategy, does not translate cross species." 

SUMMARY OF THE INVENTION 
20 It is therefore an object of the invention to provide new 

nucleotide sequences encoding ACC synthase enzymes which have utility 
as targets for the generation of transgenic plants in which the expression 
of ACC synthase is substantially controlled to effect the regulation of plant 
development, and in particular, fruit ripening. 
25 Accordingly, in one aspect of the invention, there is provided 

a nucleotide sequence encoding an ACC synthase enzyme of pineapple 
comprising the sequence of nucleotides as shown in FIG. 1. 

In another aspect of the invention,, there is provided a 
nucleotide sequence encoding a first ACC synthase enzyme of papaya 
30 comprising the sequence of nucleotides as shown in FIG. 2. 

in yet another aspect of the invention, there Is provided a 
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nucfeotjde sequence encoding a second ACC synthase enzyme of 
papaya comprising fiie sequence of nucleotides as shown in FIG. 3. 

In still yet another aspect of the Invention, there Is provided 
a nudeofade sequence encoding a first ACC synthase enzyme of mango 
5 comprising the sequence of nucreofides as shown in FIG. 4, 

In a further aspect, of the invention, there is provided a 
nudeotide sequence encoding a second ACC synthase enzyme of mango 
comprising «ie sequence of nucleotides as shown in RQ. 5. 

The term "nudeofide sequence'' as used herein designates 
10 mRNA, RNA. cRNA, cDNAor DNA. 

Tlie invention also provides homologs of the nudeotide 
sequences of the invention described in FIGS. 1-5. Such "homologs", as 
used in this specification indude ail nucleotide sequences encoding sub- 
sequences of Ifie nudeotide sequences according to FIGS 1-5. 
IS The homologs of the Inven^on further comprise nudeotide 

sequences that hybridize with any one of the nucleotide sequence of the 
Invention under stringent oonditkins. Suitable hybridization conditions are 
discussed below. 

The homologs of the invention may be prepated according 
20 to the following procedure; 

(I) designing prim^ whldi are preferably degenerate whidi 
span at least a fragment of a nudeotide sequence of tiie invention; and 

(ii) using such primers to ampliiy, via PGR techniques, said 
at least a fragment from a nucleic acid extract obtained from a suitable 
25 host In this regard, the suitable host is preferably a fruK, fruit part or cell 
thereof obtained from a pineapple plant a mango plant or a papaya plant 
"Hybridization" Is used here to denote the pairing of 
complementary nudeotide sequences to produce a DNA-DNA hybrid or a 
DNA-RNA hybrid. Complementary base sequences are those sequences 
30 that are related by the base-pairing rules. In DHA. A pairs with T and C 
pairs with G. In RNA U pairs with A and C pairs with G. 
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Tj^fcally, nucleotide sequences to be compared. Dy means 
of h>t>ridizatton are anafyzed using dot blottJng, slot blotting, or Southern 
blotting. Southern blotting Is usod to determine the complementarity of 
DNA sequences. Northern blotting determines complementarity of DNA 

5 and RNA sequences. Dot and Slot blotting can be used to analyze 
DNA/DNA or DNA/RNA comptementaf%. These techniques are well 
Known by those of skill In the art Typical procedures are described in 
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (Ausubel, ei a/., 
eds.) (John Wiley & Sons, inc. 1S95) at pages 2.9.1 ttirough 2.9.20, 

10 Briefly, far Souihem blotting. DNA samples are separated by stze using 
gel electrophoresis. The size-separated DNA sanf^Ies are transferred to 
and imnrablllzed on a membrane (typlc^ly, nttrocellulose) and the DNA 
samples are probed with a radioaotiye, complementary nucleic acid, (n 
dot blotting, DNA samples are directly spotted onto a membrane 

15 (nitrocellulose or nylon). In slot blotting, the spotted DNA samples are 
elongated. The membrane is then probed >/rith a radioactive 
complementary nucleic acid. 

A probe is a biochemical labeled with a radioactive isotope 
or tagged in other ways for ease In identification. A probe is used to 

20 identify a gene, a gene product or a protein. Thus a nucleotide sequence 
probe can be used to identify complementary nucleotide sequences. An 
mRNA probe will hybridize with its corresponding DNA gene- 

Typically^ the follawing general procedure can be used tp 
determine hybridization under stringent conditians, A nucleotide 

25 sequence according to tine Invention {such as those shown in FIGS, 1-5 or 
a sub-sequence thereof) will be immobjlised on a membrane using one of 
the above-described procedures for blotting, A sample nucleotide 
sequence will be labeled and used as a "probe," Using procedures well 
known to those skilled in the art for blotting desCTibed above, ttie ability of 

30 the probe to hybridize with a nucleotide sequence according to the 
invention can be analyzed. 



wo 97/11166 PCr/Arati/<KIS91 

6 

One of skill In the art will recognize that various factors can 
influence the amount and detectabilfty of the probe bound to the 
immobifeed DNA. The ep^ciflc activity of the probe must be suffidently 
high to permit detection. Typically, a specific activity of at least 10^ 
5 dpnn/|;g is necessary to avoid weak or undetectable hybridization signals 
when using a radioactive hybridization probe. A probe v\rfth a specific 
activity of 10^ to 1 0^ dpnt/pg can detect s^)proxlrnately 0-5 pg of DNA, It is 
well known Jn the art that strfficient DMA musj: be immobaized on 
menrtbrane to permit detection. It is desirable to have excess immobilized 

10 DNA and spotting 10 pg of DNA Is generally an acceptable amount that 
will permit optimum detection In most drc^mstances. Adding an inert 
polymer such as I0%.(w/v) dextran sulfate (mol wt 500,000) or PEG 
6000 to the hybridization solution can also increase the sensitivity of the 
hybridization/ Adding these polymers has been known to increase the 

15 hybridization signal- SeeAusubel, supra, at p 2.1 0.10* 

To achieve meaningftil results from hybridization between a 
first nucleotide sequence immofairfzed on a membrane and a second 
nucleotide sequence to be used as a hybridfeation probe, (1) suffident 
probe must bind fo the immobilized DNA to produce a detectable signal 

20 (sensitivity) and (2) following the washing procedure, the probe must be 
attached only to those, imrnofailized sequences with the desired degree of 
oomplementarity to tiie probe sequence (specificity). 

"Stringency," as used in tiiis specification, means the 
condition with regard to temperature, Ionic strer^tii and the presence of 

25 certain organic solvents, under which nucleic acid hybridizations are 
carried out. The higher tifie stringency used, the higher degree of 
complementarity between the probe and the immobilized DNA 

"Stringent conditksns** designates those conditions under 
which only a nucleotide sequences fliat have a high frequency of 

30 complementary base sequences will hybridize with each other* 

Exemplary stringent conditions are (1) 0J5 M dibasic 
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sodium phosphate/0.5 M monobasi& sodium phosphate/I mM disodium 
EDTA/1% sarkosyi at about 42»C for at least about 30 minutes, (2) 6.0. M 
urea/0.4% sodium laurel sulfate/0.1% SSC at about 42" C for at least 
about 30 minutes. (3) 0.1 X SSC/0.1% SDS at about 68°C for at least 
5 about 20 minutes, (4) 1 X SSC/0.1% SDS at about 55=C for about one 
hour, (5) 1 X SSC/0.1% SDS at about 62*C for about one hour. (6) 1 X 
SSC/0.1% SDS at about 6S'C for about one hour. (7) 0.2 X SSC/0.1% 
SDS at about SS^C for about one hour, (8) 0.2 X SSC/0.1% SDS at about 
62"C for about one hour, and (9) 0.2 X SSC/0.1% SDS at about 68 'C for 
10 about one hour. See, e.g. CURRENT PROTOCOLS IN MOLECULAR 

r 

BIOLOGY (Aucubel, ef a/., eds.) (John Wiley & Sons, Inc. 199S), pages 
2.10.1-2.10.16 of which are hereby incoiporated by reference and 
i Sambrook, a/., MOLECULAR CLONING. A LABORATORY M/^NUAL 

:| (Cold Spring Harbor Press, 1989) at §§1.101-1.104- 

I IS Stringent wa$hos are typically carried out for a total of about 

C^i 20 minutes to about BO minutes. In certain instances, more than one 

stringent wash wl! be required to remove sequences that are not highly 
□ similar to the nudeotlde sequences shown in FIGS, . or a sub- 

^ff, sequence thereof. Typically, two washes of equal duration, such as two 

ifi 20 15 or 30 minute washes, are used. One of 3kiir in the art will appreciate 
that other longer or shorter times may be employed for stringent washes 
to ensure identification of sequences similar tp the nucleotide sequences 
designated in FIGS, 1-5. 

While stringent washes are typically earned out at 
25 temperatures from about 42*^0 to about 88°C, one of skill in the art will 
appreciate that other temperatures may be suitable for stringent 
conditions. Maximum hybridization typically occurs at about 20 to about 
25°C below the for DNA-DNA hybrids. It Is well known in the art that 
is the melting temperature-, or temperature at which two nucleotide 
30 sequences dissociate. Methods for estimating are well known in the 
art. See, e.g. Ausubel, supra, at page 2.10,8, Maximum hybridization 
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typically oocurs at about iO to about 15*C below the for DNA-RNA 
hybrids. 

Other typical stringent conditions are well-known in the art. 
One of sKlII In the art will . recognize that various factors can be 
6 manipulated to optimte© the specifictty of the hybridization. Optimization 
of the stringency of the final washes can serve to ensure a high degree of 
hybridization between tiie nucleotide sequences shown in FIGS. 1-^ (or 
sub-sequence thereof) and other similar nucleotide sequences. 

In a typical hybridization proeedure, DNA lsflrat.lmmobili2Bd 

10 on a membrane such as a nitrocellulose membrane or a ni4on membrane. 
Procedures for DNA Immobilization on such membranes are well known in 
the art. See, e.gr., Ausubel, supra at pages 2-9.1-2.a2D, The membrane 
is prehybridized at 42*^0 lor 30-60 minutes in 0,75 M dibasic sodium 
phosphate/Q,5 M monobasic sodium phosphate/1 mlW disaiium EDTA/1% 

15 sarkosyl. Membranes are then hybridized at 42''C in ACES hybridization 
solution (Life Technologies. Inc., Gaithersburg. Md.) containing labeled 
probe for one hour. Next, membranes are subjected to two high 
stringency 10 minute washes at 42'='C.ln 0.75 M dibasic sodium 
phosphate/0.5 M monobasic sodium phosphate/1 raM disodium EDTA/1% 

20 sarkosyl. Following this, the membranes are washed with 2 X SSC at 
room temperature, to remove unbound probe* 

In another typical hybridization procedure, DNA immobilized 
on a membrane is hybridized overnight at 42X in prehybridization 
solution. Following hjtridization, blots are washed with two stringent 

25 washes, such as 6.0 M urea/0-4% sodium laurel suIfete/0,1% SSC at 
42''C, Following this, the membranes are washed with 2 X SSC at room 
temperature. 

Autoradiogrpahic techniques for detecting radioacHvely 
labeled probes bound to membranes are well known in the art 
30 This invention further includes within its scope homologs 

which comprise synonymous DNA sequences that code, for .the ACC 
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. synthase enzymes or portions thereof shown in FIGS. 1 -5. 

In another aspect, the invention, resides in a method of 
isolating at least a fragment of an ACC synthase gene involved in 
regulation of faiit ripening, said method including the steps of;- 
5 (a) lysrng ripened tissue of a fruit to produce a lysate; 

(b) separating protein and carbohydrates from the lysate 
to produce an extract comprising substantially intact RNA wherein said 
extract is substantially incapable of inhibiting cDNA synthesis; 

(c) reverse transcribing the RNA of said extract with an 
10 antisense primer complementary to a portion of said ACC synthase gene 

to synthesize a cDNA; and 

(d) subjecting the cDNA to PGR with a senge primer and 
an antisense primer which are complementary to different portions of said 
ACC synthase gene to amplify said at least a fragment of said ACC 

15 synthase gene. 

Preferably, the fruit is pineapple, papaya or mango. 
Suitably, the step of lysing (step (a)) is effected by lysing the 
ripened tissue in a medium comprising 150 mM Tris pH 7.5 with boric 
acid, 2% SDSt 50 mM EDTA, 1% mercaptoethanbl. Preferably, 2-3 
20 volumes of this medium Is used per volume of ripened tissue. 

Preferably, the step of separating (step (b)) is effected by at 
least one chIoroform-4sQamyl alcohol extraction of the lysate followed by 
at [east two phenol-chloroform extractions of an aqueous phase resulting 
from the at least one chloroform-lsoamyl alcohol extraction. Alternatively, 
25 the step of separating may be effected by at least one chloroform-isoamyl 
alcohol extraction of the lysate followed by at least two phenol-chloroform- 
Isoamyl alcohol extractions of an aqueous phase resulting from the at 
least one chloroform-isoamyl alcohol extraction. 

The primers used for reverse transcription (step (c)) and 
'30 PGR (step (d)) are preferably degeneratB primers.. Suitably, the 
degenerate primers correspond to conserved portions of different ACC 
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synthase isofortDs. Preferably, the degenerate primers are selected from 
the group consisting af. 

5' TA(C/r)TT(C/T)GA(C/T)GG(A/C/G/T)TGG/V\{A/G)GC 3': 

5' TC(A/G)TCCAT{A/G)TT{A/C/G/T)GC(A/G)AA(A/G)CA 3'; 

5' CA(A/G)ATGGG(A/C/G/T)(C/T)T(A/C/G/r)QC(A/C/Q/T)GA(A/G)AA 3"; 

5' AC(A/C/GniC(G/T)(A/G)AACCA(A/C/G/r)eC(A/C/G/T)GG(cnr)TC 3'; 

5' GCTCTAGATA(C/DTT{G/T)GA(C/T)GG(A/C/G;r)TGGAA(A/G)GC 3'; 

5' GCGAATTC(A/G)TCCAT(A/G)TT{A/C/G/T)GC(A/G)AA(A/G)CA 3'; 

5- CCTGATCA(iyG)ATGQG(A/aGA-)(C/T)T(A/C/Gn')GC(A/C/G/T)GA(A/ 

G)AA3';and 

5'CTCTGCAGC(A/G)AA(A/^)CA(A/C/GA}AC(A/C/G/r)C(Gni{A/G)AA 
CCA3^. 

Preferably, when the fruit is pineapple, the antisense primer 
for reverse transcription Is 5' TC(A/G)TCCAT(A/G)TT(A;C/G/DGC(A/G) 
AA(A/G)CA 3', the sense primer for PCR is 5' TA(C/T)TT(C/T) 
GA(Cn")GG(A/C/GJT)TGGAA{A/G)GC 3' or 5' CA(A/G)ATGGG(A/C/G/T) 
(CA-)T(A/C/G/T)GC(A/C/G/T)GA(A/G)AA 3'. and the antisense primer for 
PCR is 5" TC(A/G)TCCAT(A/G)TT{A/Q'G/T)GC(A/G)M(A/G)CA 3' or 5" 
AC (A/C/G/r)C(G/T)(A/G)AACCA(A/C/Gn-)CC(A/C/Gn-)GG{Cnr)TC 3'. 

Suitably, when the fruit is mango or papaya, the antisense 
primer for reverse transcription Is 5' GCGAATTC(A/G)TCCAT(/VG)Tr 
(A/C/G/r)GC(A/G}AA(A/G)CA 3', the sense primer for PGR is 5' GCTCTA 
GATA(Crr)7T(C/T)GA(C/T)GG(A/CyG/T)TGGAA(A/G)GC 3' or 
5" CCTGATCA(A/G)ATGGG(A/C/G/T)CCAr)T{A/C/G/T)GC(A/C/G/T)GA(A/ 
G)AA 3'. and the antisense primer for PCR is 5' GCGAATTC(A/G) 
TCCAT(A/G)TT (A/C/G/T)GC(A/G}AA(A/G)CA 3' or 5' CTCTGCAGC(A/G) 
AA{A/G)CA{A/C/G/T)AC(A/C/6/T)C(G/r)(A/G)AACCA3'. 

Preferably, in step (d) comprises a first PCR and a second 
PCR wherein the second PCR employs a nested pair of primers relative to 
those used in the first PCR, 

The DNA sequences of the invention have utility as targets 
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for the generation of transgenic variants of pineapple, papaya and mango 
in which the expression of ACC synthase is substantially inhibited to effect 
suppression of fruit senescence. 

Accordingly, in a still further aspect of the Invention, there is 
provided a nnethod for generating a transgenic variety of pineapple 
wherein fruit senescence is substantially Inhibited, said method rndudingy 
the steps of intnaducing into a pineapple plant, or plant part or cell thereof 
a vector comprising flie nucleotide sequence of FIG. . 1 wherein said 
sequence Is operably linked. In the sense orientation, to one or more' 
regulatory nucleotide sequences, and growing said plant or plant part or. 
cell thereof tb generate the tfiansgenic variety of pineapple. 

The invention siso comprises a method of generating a 
transgenic variety of pineapple wherein fatlt senescence is substantially 
inhibited, said method including the steps of Introducing into a pineapple 
plant, or plant part or eel! thereof a vector comprising the nucleotide 
sequence of FIG. 1 wherein said sequence Is operably linked, in the 
antisense orientation, to one or more regulatory nucleotide sequences, 
and growing said plant or plant part or cell thereof to generate the 
transgenic variety of pineapple. 

In yet another embodiment of the invention, there . is 
provided a method of generating a transgenic variety of papaya wherein 
fruit senescence is substantially inhibited, said method inciuding\the steps 
of introducing into a papaya plant, or plant part or cell thereof a vector 
comprising the nucleotide sequence of FIG. 2 and/or FIG. 3 wherein said 
sequence is operably linked, in the sense orientation, to one or more 
regulatory nucleotide sequences, and growing said plant or plant part or 
cell thereof to generate the transgenic variety of papaya. 

The invention further comprises a method of generating a 
transgenic variety of papaya wherein fmit senescence is substantially 
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inhibited, said method includlngi the steps of Introducing into a papaya 
plant, or plant part or cell thereof a vector comprising the nucleotide 
sequence of FIG. 2 and/or FIG. 3 wherein said sequence is operably 
linked, in the anfisense orientation, to one or more regulatory nucleotide 
6 sequences, and growing said plant or plant part or cell thereof to generate 
the transger^ic variety of papaya- 

In yet another embodiment of the Invention, there is 
provided a method of generating a transgenic, variety of mango wherein 
fruit senescence is subsfantially mhibrted. said method including the steps 

10 of jntrodudng Into a mango plant, or plant part or . cell thereof a vedor 
comprising the nucleotide sequence of FIG. 4 and/or FIG. 5 wherein said 
sequence i« operably linked, in the sense orientation, to one or more 
regulatory nucleotide sequences, and growing said plant or plant part or 
cell thereof to generate the transg^ic variety of mango. 

15 The invenfion stilJ farther comprises a method of generating 

a transgenic variety of mango wherein fruit senescence substantially 
Inhibited, said method including j the steps of Introducing into, a mango 
plant, or plant part or cell thereof a vector comprising the nucleotide 
sequence of FIG. 4 and/or FIG, 5 wherein said sequence is operably 

20 linked, in the antisense orientation, to one or more regulatory nucleotide 
sequences, and growing said plant or plant part or cell thereof to generate 
th© transgenic variety of mango- 

A vector according to the invention may be a prokaryotic or 
a eukaryotic expression vector, which are well known to those of skill in 

25 the art. Such vectors may contain one or more copies of tfie nucleotide 
sequences according to the invention. : 

Regulatory nucleotide sequences which may he utilized to 
regulate expression of the nucleotide sequences of FIGS, 1-5 or 
homologs thereof include, but are not limited to. a prc>moter, an enhancer. 

30 and a transcriptional terminator. Such regulatory sequences are well 
known to those of skill in the art. 
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Suitable promoters which may be utilized to Induce 
expression of the nucleotide sequences of the invention include 
constitutive promoters and Inducible promoters. A partlculariy preferred 
promoter vtfhlch may be used to induce such expression is the Cauliflower 
5 Mosaic Vinj$ (CaMV) 35S promoter. . 

Any suitable transcripfional terminator may be used which 
effects termination of transcription of a nudootide sequence In 
accordance with the invention- Prefer^y/the nopaline synthase (NOS) 
terminator, as for example disclosed fn United States Patent Specfficafion 
10 No- US 5,034,322Js used as the transcription terminator. 

The vector may also include a selection mari<er euch as an 
antibiotic resistance gene which can be used for selection of suitable 
trnnsformants. Examples of such resistance genes include the nptll gene 
which confers resistance to the antibiotics kanamydn and -G4t8 
IS (Geneticin©) and the ftp/? gene which confers resistance to the antibiotic 
hygromycin B, 

The vector may be introduced by a number of methods 
including transfeclion, projeotile faombardment, eledroporation or fnfection 
by Agrvbacterium tumefaciens. 

20 Of course it will be appreciated that the nudeotfde sequence 

which is operably linked to the regulatory nucleotide sequence may be a 
honrK)log of ttie corresponding nucleotide sequence as described above. 

With reference to ttie atiove methods wherein ttie nudeotide 
sequence Is e>q?ressed in the sense orientation, such methods are 

55 pred i cated o n RMA-m ed i ated sup p i ession ( also ter med gene-i gil ^ndny or ' 

co-suppression) wherein transcriptton products of the nucleotide 
sequence which are substantially -homologous to corresponding, 
transcripts of an endogenous gene cause inhibition of expression of the 
endogenous gene. In this regard, reference may be made to WO 

3Q 90/12084 (which rs hereby incorporated by reference) which discloses 
methods for engineering transgenic plants based on RNA-mediated 
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With reference to the. above methods wherein the nucleotide 
sequence Is expressed In the antisense orientation, such methods are 
based on anllsense-medlated suppression as, for exampie, described "m 
5 WO 92/04456 (which IS hereby Incorporated by reference). 

It Will Of course be appreciated that gene transplacement by 
homologous reconnbinatfon may also be used to effect the generation of 
suitable tnansgenic plants. Such methods are well known to persons of 
skitHnthearL 

10 BRIEF DESCRtPTIQN OF THE DRAWINSS 

In order that the Invention may be readily understood and 
put into practical effect, particular preferred embodiments will now be 
described by way of example wRh reference to the following figures in 
which: 

16 FIG. 1 ©hows the nucleotide and deduced amino acid 

sequences encoding an ACC synthase enzyme of pineapple; 

FIG- 2 shows the nucleotide and deduced amino acid 
sequences encodrng a first ACC synthase enzyme of papaya; 

FIG. 3 shows the nucleotide and deduced amino acid 
20 sequences encoding a second ACC synthase enzyme of papaya; 

FIG. 4 shows the nucleotide and deduced amino add 
sequenc es encoding a first ACC synthase enzyme of mango: and 

FIG. 5 shows the nucleotide and deduced amino add 
sequences encoding a second ACC synthase enzyme of mango* 
25 EXAMPLE 1 

AmpIIflMtlon of&fi ACC Synth&so Gene from Pin&apple 
Exoenmenial Sfrafeow 

A rapid and simple procedure for extracting efficiently intact 
RNA from pineapple fruit pulp, a tissue rich In polysaccharides and 
30 carbohydrates, required Ihe modification and integration of several 
convention^ methods (Logemann ei ah, 1987, Anal. Biochenfi,, 163, 16- 
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20; Lopez-Gomez and Gomez-Um, 1S92, HortScienoe, 27. 440^2; 
Schulfz e! al., 1994. Plant Mol. BioL, Reporter 12, 310-316; Su and Gibor. 
1988, Anal, Biochem., 174, 650*657). The method was optimised such 
that the RNA isolated from the pfant material satisfied three criteria: (1). 
RNA should be substantially intact to ftintisb- reproducible mignation 
patterns following gel electrophoreais; (2) tfie jaeld of RNA should be 
suffidant so that relatively small amounts of tissue could be used; (3) the 
RMA should be free fronri any contaminants that could Interfere with cDNA 
synthesis or Northern blots. 

We developed a method fulfilling air three crfterfa^- The elm 
was to extract high quality RNA from rnatune green and ripe pineapple fruit 
(Ananas comosus L.; cuWvan SnrKioth Cayenne, Queensland done 30) 
flesh. The same nrjethodology was also used to extract high molecular 
weight genomic DMA tor southern analysis. 

Materfals and Msfhads: 

AH glassware, utensils and centrifuge tubes were rinsed with 
wafer containing 0.1% diethyl pyrocarbonate (DEPC) and autodaved in 
order to remove RNA degrading en^mes and protein contamination. 
Solutions were incubated with DEPC (0,1% final concentration) overnight 
and autodaved to denature any RNases present in said solutions. 
NudeiG Acid Bxtraction Pmcedure for Pineapple 
Pineapple fruit tissue (derived from Ananas comosus. L.) 
was frozen in liquid ni&ogen and stored at-70*C. (n a llquid-nrtrogen-filled 
mortar, pineapple fruit tissue {10 g) or pineapple leaf tissue (1-4 g). was 
ground to a fine powder. White still fitjzen the fruit powder was 
transferred to a 100 mL beaker containing 30 mL of lysis buffer (150 mM 
Tris pH 7.5 vm boric acid, 2% SDS, 50 mM EDTA, 1% mercaptoethanol) 
and stirred for 5 min at room temperature. 0.25 volume of absolute 
ethanol and 0,1 1 volume of 5 M potassium acetate were added to the 
homogenate and stirred for a further 3 min. One volume of chloroform 
isoamyl alcohol (24:1) (SEVAG) was added subsequently and mixed for 
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an additionaj 3 min. The homogenat© was oentrifuged at 18.000 rpm for 
10 min in a prBchlUed (4°C) cenfnfuge. The mcovered aqueous phase 
was extracted twice with phsnol-chforaform (1:1) or until no Interphase 
(proteins and carbohydrates) was apparent. 
5 After careftjl removaf of the aqueous phase, nucleic acids 

wera precipitated by the addition of 2.2B volumes of absolute ethanol. 
After incubation for 2 hrs at -20'C, nucleic acids were centrtfuged for 30 
min at 18.000 rpm. dried and redlssolved In 10 mL of DEPC treated 
dHjO. 8 M ua was added to a final concentration of 3 M and the mixture 

10 incubated overnight at -ZO'C. RNA was . collected iyy centHfagation 
(18,000 ipm. for 30 mtn .at4'*e) and washed twice in 80% ethanol at room 
temperature and dried. The RNA pellet was subsequent^ resuspended in 
300 pL of DEPC treated water, and RNA precipitated by adding sodium 
acetate to a final concentaation of 0.3 M and 2.5 volumes of absolute 

15 ethanol. After overnight incubation at -70*C, the RNA was pelleted by 
centrifugation for 30 min at 14,000 rpm (4"C). The pellet was washed 
twice in 80% ethanol and vacuum dried for 10 min. The RNA was. then 
resuspended in 50 jiL of DEPC treated sterile water, 
spectrophotometrically quantified and stored at -ZO-C. 

20 Genomic. DNA was pelleted from the supernatant collected 

after the UCl precipitation step by the addition of 2 volumes of absolute 
ethanol, kept at -20''C ibr 2 hrs and centrtfuged at 12,000 rpm for 30 min. 
The DNA pellet was resuspended in 500 \il of TE buffer, 
spectrophotometrically quantified and stored at -20'C. 

25 Formaldehyde Denaturing Gel Electrophoresis of RNA 

Ten pg of total RNA was electrophresed on a 1 % agarose 
gel at SO V tbr 1 hr. The gel was prepared by adding 0.5 g of agarosei 5 
mL of lOx MOPS. 36 mL of DEPC treated water and 9 mL of 
fbmialdehyde. RNA samples were prepared by adding 25 \iL of RNA 

30 loading buffer (containing ethidlum bromide) to 5 |jL of RNA and 
denatured at 70'C for 5 min. followed by chHljng on ice for 2 min. 
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ElectrophonBsis was conducted in 1x MOPS buffer. The gel was 
photographed immedjately after electrophoresis. 
DNA Gel £leQtrophoresi$ 

The integrity of genomic DNA was diecked by 
electrophoresis on a 0.8% agarose gel (prepared in IX TBE buffer) at 80 
volts for 1 hr. 10X loading buffer was added to appoodniiately 4 jjg of DNA 
and electrophoresis conducted In IX TBE buffer. Tha gel was stained in 
an efhidium bnamide solution (66 pg/mL) and photographed as descritted 
above. 

Design ofPiimers fyr AmpSffcation ofACC SynGiases From 
Higher Plants 

Homology studies of several ACC synthase proteins 
revealed various conserved regions among this family of proteins. Those 
regions were used in designing degenerate bitgonucldotides by reverse 
translating the amino add sequence arid taking in account ttie 
degeneracy of the genetic code.. As a result, several degenerate 
oligonucleotides were synthesized and are shown in Table 1 . 

Amplification ofacacci ' 

Reverse transcription of RNA from ripe pineapple tissue was 
performed by using 1 pg total RNA and 2.5 U of Moloney Murine 
Leul<emia Virus (MMLV) reverse transcriptase in a reacfion mixture of io 
mM Tris-HCI, pH 8.3 containing 60 mM KCI, 5 mM MgCl2, 1 mM of each 
dIMTP, 1 U RNase rnhibilar and 0.75 pM of oligonucleotide primer EZ-4 
(Table 1). The reaction mijdure was incubated for 30 min at Al'C and 
then heated to 99''C for 5 min to inactivate the reverse transcriptase. The 
cDNA produced was amplified with 2.5 U AmpliTaq DNA Polymerase in a 
reaction mixture of 10 mM Tris-HCI. pH 8.3 containing 2 mM MgCl2. 50 
mM KCI, and 0.15 pM of E2-2 .and EZ^ (Table 1). After an -Initial -3 mm 
denaturing period at 94*C. tiie PGR parameters were 1 min template 
denaturation at 94'C, 1 min primer annealing at 48''C and 2 min primer 
extension at 72''C for 45 cycles. A final extension step of 15 min at 72'C 
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was used subsequenfly to ensure fijll length amplification producte. 

The product of this PGR reaction were furtlier amplified 
using a second set of oligonucleotide primers E2-5 and EZ-7 (Table 1). 
The reaction consisted of adding to a tube a sainple of the products 
obtained firom the previous amplification and 2.5 U AmpltTaq dnA 
Polymerase in a neaeBon mixture of 10 mM Tris>HCI. pH 8.3 containing 
1.5 nriM Mga2. 60. mM KCI, 0.2 mM of each dNTP. 0.1% gelatin and 
0.1 5 mM of each primer in a total volume of 100 pL. The PCR parameters 
were 30 sec template denaturation at 04*C, 30. sec primer annealing at 
48''C and 1.5 min primer extension at 72''C for 30 <ydes. The PCR 
products were analyzed on 0.8% agarose gels and visualized vnth 
ethidlum bromide. 

Subclonmg and Sequencing of PCR Pmduds 

The cDNA amplified by PCR was iigated into pBluescript 
(SK+) (Stratagene. La Jolla, CA). The Ilgatfon mixtures were used to 
transform E. col! DH6a. Transformants were selected on LB plates 
containing ampicHIin (50 mg/ml) and X-gal (0.033% w/v). Plasmid DNA 
was isolated using the alkaline lysis method. 

DNA sequendng was camed out using Applied Biosystenis 
PRISM™ Ready Reaction DyeDeoxy™ Terminator Cycle Sequendng kit. 

Resuffs: 

After optimfeing all the parameters for the PCR amplification 
reactions, a DNA band of approximately 1.1 Kb could be observed In 
etectrophoresis gels. The DNA fragment corresponding to this band was 
subcloned into pBluescript and named acaccl. The nudeotlde sequence 
of acaccl and the deduced amino acid sequence thereof are shown in 
FIG. 1 Comparison of these sequences with other published ACC 
synthase sequences indicates that scacd Is a cDNA coding for a 
member of the ACC synthase family in pineapple. Searches in all the 
available protein and DNA data banks failed to find 100% homology with 
any existing clone. The highest homology found at the DNA level using 
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the falastn program was 65% with Nicab'ana tabacum mRNA done 
# X65982 (EMBL data bank). Similarly, at the protein level the highest 
homology found using the pragram BLASTX was 65% with soybean 
sequence entry # S2S002 in the PIR database. 
5 Analysis of the aGaocI DNA sequence reveals that It is 1 080 

bp in size and reprasenta approjdmately 75% of the coding region. 

EXAMPLE 2 

Amplification ofACC SytOiiaso Genos from Papaya 
Matedals and Methods: 
10 Tissue ptBpara&3n_ 

Using a sharp l<nife. the papaya fruit (derived ftom Caries 
papaya L.) was cut in half and the seeds removed. The skin was cut away 
and the iruit flesh was diced into small cubes v^ich were immediately 
frozen In liquid nitrx>gen. The liquid nitnogen was drained off and the fissue 
15 V(«as stoned at -80*C. 

RNA Extractor) Procedure for Papaya 
Three to six grams of ripe papaya fruit tissue was ground In' 
liquid nitrogen using a preM:»oled mortar and pestle and diilved in 2 to 3 
volumes of extraction buffer (150 mM Tiis pH 7^ with boric add, 2% SDS, 
20 50 mM EDTA, 1% mercaptoethanol). 0.25 volumes of ethanol, 0,11 
volumes of 5 M potassium acetate and 1 volume of SEVAG Was added to 
the mixture before it was centriluged at 18,000 R.P.M. for 30 min at 4'C. 
The upper aqueous layer was trahsfered to a new tubs and 3 x 
phenol/chlorofbmfi/lsoamyl alcohol 50/49/i extractions ware perfomied on 
25 it. To the final upper layer, 2.25 volumes of ethanol was added and ttie 
solution was Incubated at -20°C for 2 hrs to precipitate all nudeic acids. 
The solution was subsequentiy cenirifuged at 18,000 rpm for 30 min at 
4°C, the pellet washed with 80% ©thanol and air dried for 10 min. The 
pellet was resuspended. in 10 mL of DEPC water before the addition of 6 
30 mLofSMLiCL This solution was incubated overnight at -20°C. 

The solution was centrifiiged at 18,000 rpm for 30 min at 
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4'C. The RNA pellet was washed with 80% ethanol bafbra being vacuum 
dried. The pellet was then resuspended In 300 ;jL of DEPC water and 
precipitated by adding 2.5 volumes of ethanol. 0-1 volumes of 3 M sodium 
aceitat© and incubated at -80°C for 20 min. The solution was centrHuged 
at 14.000 rpm for 30 min at 4'C, and the pellet was washed twice with 
80% ethanol before It was vaouum drfed and resuspended In 60 of 
DEPC water. 

AmplHicgtion of(^paooi and oapatx2 

Reverse transcription of RNA from ripe papaya fruit tissue 
was performed using 1 pg total RNA and 2.5 U of Moloney Murine 
Leukemia Vitus (MMLV) revierse transcriptase in a reactfon mixture of 10 
mM Tris-HCI, pH 8.3 containing 50 mM KCI, 5 mM MgCl2. 1 mM of each 
dNTP, 1 U RNase inhibitor and 0.75 of oligonucleotide primer OLE-4 
(Table 1). The reaction mixture was incubated for 30 min at 42''C and 
then heated to gg'C for 5 mrn to "mactivate the reverse transcriptase. TTie 
cDNA produced was amplified with 2.5 U AmpliTaq DMA Polymerase in a 
reaction mixture of 10 mM Trfs-HCI, pH 8.3 containing 2 mM MgCl2, 50 
mM KCI, and 0.15 mM of OLE-2 and OLE^ fTable 1). After an initial 3 
min denaturing period at 84''C, the PGR parameters were 1 mlh template 
denaturation at WC, 1 min primer annealing at 48-0 and 2 min primer 
extension at Yl'C for 45 cycles. A final extension step of 15 min at 72'C 
was used subsequently to ensure full length amplification products. 

The products of this PGR nsa<*'on were further amplified 
using a second set of oKgonucleoOde primers OLE-5 and OLE-e (Tatrfe. 
1). The reaction consisted of , adding to a tube a sample of the products 
obtained from the prevrious amplification and 2.5 U AmpIiTaq DNA 
Polymerase in a reaction mixture of 10 mM Tris-HCI. pH 8.3 containing 
1.5 mM MgCl2, 50 mM KCI, 0.2 mM of each dNTP. 0.1% gelatin and 
0. 1 5 pM of each primer in a total volume of 1 00 pL The PGR parameters 
were 30 sec template denaturation at 94»C, 30 sec primer annealing at 
48'C and 1.5 min primer extension at 72"'C for 30 cycles. The PGR 
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products were analyzed on 0.8% agarose gds and visualised with 
ethidium brDmide. 

Resutts! 

After reverse transcription and PCR amplification, a DNA 
band of appnsximately 1.1 Kb could be olwerved in electrophdresifi gels. 
The DNA fragment comesponding to this band was purified from the gel 
and subdoned into pBluescript Analysis of several rerombinant plasmids 
revealed the presence of two different inserts of approximately the eame 
length but vwth dlffierent restriction patterns. The two different clones were 
named capacci and capacc2 respectively. The DNA and deduct amino 
add sequences corresponding to capacol and c^cc2 are shown 
respectively in FIG. 2 and FIG. 3. Comparison of these sequences \nith 
other published ACC synthase sequences indicates that capscci and 
capacc2 are cDNAs coding for members of ACC synthase family In 
papaya. Searches in all the available protein and DNA data banl^ faSed 
to find 100% homology with any existing clone. The highest homology 
found for capacci was 74% at the DNA level with a Pelargonium hortonim 
done (# U 17231, GenBanIt database) and 76% at the protein level with a 
Pelargonium hortorum ACQ synthase {# 1 124858 GenBank database). 

For capaccZ, the bluest homology found at the DNA level 
was 72% respectively with a Pelargonim hortorum mRNA done 
(# U17231, GenBank database) and. an Arabidopsis thaliana mRNA done 
(# M95595. GenBank database). At the protein level, the highest 
homology found for capacc2 was 71% with an ACC synthase from 
Arabfdopsis thaliana (entry # 1264990, GenBank database). 

Analysis of tfie capacci and capacc2 DNA sequences 
reveals that the sizes of capacci and capacc2 are 1104 bp and 1098 bp 
respectively. Each of these DNA sequences represents approximately 
75% of the coding sequence relating thereto. 
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EXAMPLE 3 

Amplifica^on ofACC Syn^ase Gen^ from Mango 
MATERIALS AND METHODS 

RAM Extraction PFoaedure forh/tango Tissue . 
Six grams of frozen ripe mango tissue (demed irom MangHbr^ 
indica L) was giound under liquid nitrogen until H; fenned a fine powder. The 
grciund tissue was fransfennBd into a felcon ftjbe contairnng 15 mL extraction 
buffer (150 mM Tris pH 7.8 with Iwrfc add, 2%.SDS. SO mM EDTA. 1% 
mercapioethanol) and vortexed for 2 min. 0^5 vol of ethanol was then 
added and vortexed fcr 30 sec. 0.11 vol of 6 IW potassium acetais -was then 
added and vortexed for 30 sec. 1 vol SEVAG was then added, vortexed for 1 
mIn and transfemed Info a DEPC treated cenfiffijge tutje. The tube was 
cenfriluged for 30 mm at 18.000 rpm at 4'C. PlienoI-SEVAG extractions 
were perfbnmed unS no interliaice layer was obsen/ed. The centrifugation 
steps were performed in falcon tidies for 1 min at 4;500 rpm at 4-C. The 
supernatant was transfened Into a new tube and 2,25 vol of ethanol and the 
nudeic acids were precipitated at -20X for 20 min. The tube was 
centilftiged for 30 min at 18,000 rpm at 4-0 in a SS34 rotor. The pdlet was 
washed with 80% ethanol and allowed to diy inyerted on a tissue and was 
subsequently resuspended In 10 mL DEPC water and 6 mL LiCI (8 M) was 
suljsequently added and the RNA was predpifafBd ovemfeht at -20°C. 

The tube was subsequently centrifijged for 30 nrnn at 18,000 
rpm at 4'C in a SS34 rotor, the peHet containing the RNA was washed with 
B0% ethanol and all traces erf tfie ethanol was carefully removed. The pellet 
was resuspended in 300 \il of DEPC water to which was added 2.5 vol of 
ethanol and 0.1 vol of 3 IW NaAcetats (pH 5.2). The RNA was precipitated at 
-SCC for 20 min and tie tube was centrifliged in a microfuge at 4*C for 30 
min and the pellet washed vyith 80% ethanol. The pellet was fihally 
resuspended In 50 pL of DEPC water and stored at -80'C. 
Amplificatton ofmlacd 3n<3miacc2 
Reverse transcription of RNA from ripe mango fruit tissue 
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was performed by using 1 MS total RNA and 2.5 U of Mofoney Murine 
Leukemia Virus (MMLV) reverse transcriptase in a reaction mbcture of 10 
mU Tris-HCl, pH 8.3 containing 50 mM KCI. 5 mM MgCl2, 1 mM of each 
dNTP, 1 U RNase inhibitor and 0.75 \iM of oligonucleotide primer OLE-4 
5 (Table 1). The reaction rrtxture was incubated for 30 min at 42^0 and 
then heated to 99*C for 5 min to inactivate the reverse transcriptase. The 
cDNA produced was amplified with 2.5 U AmpliTaq DNA Pdymeraise In a 
reaction mbcture of 10 mM Tris+ICI, pH 8.3 containing 2 mM MgCl2, 50 
mM KCI, and 0.16 pM of OLE-2 and OLE-4 (Table 1). After an inifial 3 

10 min denaturing period at 94''C. the PGR parameters were 1 min -template 
denaturation at 94°C, 1 min primer annealing at 48*^0 and 2 min primer 
extension at 72*C for 45 cycles. A final extension step of 15 min at 72*'C 
was used subsequently to ensure fUll length amplification products. 

The products of this PGR reaction were further amplified 

15 using a second set of oligonucleofide primers OLE-5 and OLE-6 (TaWe 
1 ). The reaction consisted of adding to a tube a sample of the products 
obtained from the previous amplification and 2.6 U AmpllTaq DNA 
Polymerase in a reaction mixture of 10 miW Tris^HCI, pH 8.3 containing 
1.5 mM l^gCl2, 50 mM KCI, 0,2 mM of each dNTP, 0.1% gelatin and 

20 0.1 5 pM of each primer in a total volume of 100 yL. The PGR parameters 
were 30 sec template denaturation at 94*^0, 30 sec primer annealing at 
48*C and 1.5 min primer extension at ra^C for 30 cycles. The PGR 
products were analysed on 0.8% agarose gels and visualized vwth 
ethidium bromide. 

25 Besultsi 

After reverse transcription and PGR amplification, a DNA 
band of approximately 1.1 Kb could be observed in electrophoresis gels. 
The DNA fragment corespondtng to this band was purified from the gel 
and subcloned into pBluescript The analysis of several recombinant 

30 plasmids revealed the presence of two different inserts of approximately 
the same length but with different restriction patterns. The two different 



I > 

wo 97/11166 PCT/AD96/00591 

22 

clones were named m/accf (1096 bp) and mlacc2 (1113 bp) respecfively. 
The nucleotide and deduced amino acid sequences corresponding to 
miacci and miacoZ m shown respectively in FIG. 4 and FIG. 5. 
Comparison of these sequences with other published ACC synthase 
5 sequences indicates that mfacci and miacc2 are cDNAs. coding for 
members of the ACC synthase family In mango. Searrihes in all the 
available protein and DNA data banks failed to find 100% homology wHh 
any e)dsfing clone. The higheist homology found for rruacci was 71% at 
tfie DNA level witfi the inventor's pneviously published ACC synthase from 
10 mung bean (entry ffij11562 In the EMBL data bank), and 7t% at the 
protein level with a petunia done # S31450 In the PIR data base. The 
y highest homology found for miacc2 was. 73% at the DNA level 

S respectively with a Pelmgonium hoitorum done (entry #U17231 in the 

% GenBank database) and a Vigna radiata mRNA clone (#.Z1 1562, EMBL 

=P 15 data bank). The highest homology found at the pnatein level for mfacc2 
was 77% with an ACC synftase from Vigna radiata (entry # S26214, PIR 
; database). 

i*| Analysis of the miacci and miacc2 DNA sequences 

i If indicates that each of these sequences represents 75% of the coding 

Q 20 region relating thereto. 
° gX AMP LE4 

Stable Integration and Expression of Acc Synthase 
Antisense Genes in Papaya {Carica papaya L.) 
Materials snd Methods 
25 Initiation of somaffc embrytigeriBsis 

Immature zygotic embryos are excised from green fruit of a 
high yielding papaya line* 90-100 days after pollination and are induced to 
form somatic embryos. Somatic embryos may be induced by placing 
zygotic embryos In solution culture consisting of V2MS (Murashlge and 
30 SI<oog, 1962, Physiologia Plantarum. 15, 473-497), 2 {jM 6-benzylamino 
purine (BAP), 0.5 naphthaloneacefic acid (NAA), 400 \sM adenine 
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sulfate and 3% sucrose, pH 5.65 (Drew et a/,, 1994, In Current : Issues in 
Plant Molecular and Cellular Biology, Proceedings of the VII Inteernational 
Congress on Plant Tissue Culture pp. 321-326, Florence, Itaitly) on an 
orbital shaker Callused cotyledons are removed and discardedJ after 2-3 
5 weeks. After a further 2 months on the shaker, the media are 3 replaced 
with EM medium (1/2MS, 0.5 \\M BAP, 0.05 pM NAA and 3% sucrose). 
Once secondary embryos are formed on this medium, they are i multiplied 
approximately 10 fold on solid EM medium containing 0.£8% Difco 
bactoagar (Drew et al., 1994, supra) and maintained on this medilium. 
1 0 Pretreatment of embryos 

Somatic embryos are multiplied for three weekss in solid 
n medium and cultured in liquid multiplication medium for three da?ys prior to 

P bombardment. Liquid medium pretreatment of somatic embrycos can be 

q performed by culturing embryos for 0-3 days in 30 mL of I liquid EM 

1 5 medium at 70 rpm on an orbital shaker, 
n Transformation vector 

A transformation vector which may be utilized for ggenerating 
5 a transgenic variety of papaya, wherein expression of an ACC) synthase 

^ enzyme is substantially inhibited, may be constructed by operahbly linking 

3 20 the nucleotide sequence of FIG. 2 or FIG. 3, in the antisense oorientation, 

to the CaMV 35S promoter (or other suitable promoter) annd to the 
nopaline synthase terminator region {or other suitable 1 terminator 
sequence). The vector may also contain the kanamycin resistaance gene 
as selectable marker. 
25 Plasmid DNA for microprojectile bombardmentit can be 

purified by two cycles of caesium chloride-ethidium bromidde density 
gradient centrifugation (Sambrook et a/. , 1 989, supra). 
Bombardment conditions 

Embryos are bombarded using a particle inflow guun (Finer et 
30 a/., 1992, Plant Cell Rep., 11, 323-328), Gold particles of^ 1.5-3 ijm 
diameter (Aldrich) are used as microprojectiles wherein 120 nmg of such 
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gold particles are washed three times with 100% ethanol and three times 
with Sterile water before suspension in 1 rvL of stwle 50% glycerol. For 
preparation of microprojectiles, 25 jjL of the gold suspension is mixed with 
0.5 pg plasnnid DNA, 25 pL 1 M CaCt* and 5 pL 0,1 M spermidine free 
base. Ail solutions are kept on ice. 

The suspension is first sonicated and subsequently kept fn 
suspension by occaaonal vortexing for 5 minutes. The suspension is 
then allowed to settle oh ice for 1Q minutes before 25 pL of the 
supernatant Is moved and discarded. The remaining suspension Is 
subsequently vortexed Immediately before utilizing 4 pL of the mixture for 
eaoh bombardment. 

Embryos are arranged, without overiapt in an area of 
approximately 10 mm diameter, A protective baffle of stainless steel 
mesh with an aperture of 210 pm (Franks and Birch, 1991, Aus. J, Plant 
Physiol, 18. 471-480) Is placed over the tissue dunng bombardment. The 
pressure of the helium blast is 500 kPa and the distance of the target 
embryos from the fiKer unit containing the coated gold particles is 7.5 to 
10 om. 

Selection and regonerBtron offmnsforniedplanileU 
Following bombaixlment, somatic embryos are allowed to 
recover for 2 days on EM medium, prior to selee^on on EM medium 
containing kanamycln monosulfate (200 .pg/mL), Embryos ar^ then 
selected for kanamycin resistance after 3 to 5 nrmnfts in such m^fum. 

For gennination, embryos are tmnsfemed to a modified de 
Fossard's medium (De Fossard ef a/-, 1974, Physlologla Plantarum, 30, 
125-130), as described by Drew and Miller. (1989, HortSdence 64, 767- 
773), containing 25 pg/mL kanamycln. Single, planflets are then 
transfen^ed Into individual vessels containing single shoot medium (Drew 
and Smith, 1 9S6, J. HorL ScL, 61 , 535-543) without kanamycln. 
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EXAMPLE 5 

SEabte tnfd^jFattonand Expression of ACC Synthase 
Antisense Genes In Mango (Mangifera indica L.) 
Materials and M&thods 

M^ablishment of embryogeniG cultures. 
Embryogenic cultures are established accorxiing to 
procedures described by Oewafcf et aL (1989, Journal of the American 
Society of Horticultural Science 114, 712-716; ibid, 114, 837-841). 
Immature AuKs (4 to € cm) of aspecific mango cultivars {M, indica L) are 
collected. Fniits are then surface-sterlli»d with 0.3% (wt/vol). sodium 
hypo<*lorite containing 2 to 3 drips of Tween 20 per 100 ml sterilant for 
30 min, and subsequently rinsed thoroughly in sterile de4oniz&d wafer. 
Fruits are then biseded lorigltudinaity and z^otic and nucdiar embryos 
are exdsed and discareied. The ovule halves arathen cultuned so that the 
nucelli Is in contact with a medium consisting of B5 major sails (Gamborg. 
&t a/.. 1968, Exp. Cell. Res., 50, 150-168), MS minor salts and organics 
(Murashige and Skoog. 1962. supra), supplemented with 6% (vA/yo\) 
sucrose, 2.7 mM L-glutamin©, and 4,5 pM 2,4-dichlorophenb:)yacetic add 
(2,4-D) (maintenance medium). The pH is tiien adjusted to 5.8 before 
addition of 0.17% gelrite (wt/vol) and the medium autodaved at 120° C at 
1,1 kgcm'2fbr15min, 

Explants are then transferred to fresh medium after 5 days, 
10 days, and at 4-wk intervals thereafter. Proliferating nucellar 
proembryogenic masses are separated firom ovule walls and cultured 
separately. These may be maintained on solid medium viAth a subculture 
interval of 30 days or. in liquid medium of the same composition with a 
subculture interval of 5 days. AH cultures on solid medium are kept in 
darkness at 25''C. Liquid cultures are maintained in the dark for 8 h and 
16 h in diffused light (< 0.2 priiol m f at 27 C For Agrobacterlum 
tumefaciens infection, actively growing proembryo masses In suspensions 
are used which have been derived from a ID-month-old culture 
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maintained on solid medium, 

Prepem^on of bactena! culture, 

A single colony of A. tumefaciens, 9749ASE, from LB agar 
niedium supplemented witti 60 . pg/ml kanamycin, .26 pg^ml 
5 chloramphenicol, and 100 lig/ml specfinomycin ig Inoculated Into 5 mL of 
liquid broth of the same TOmposition, at pH 7, After 16 h this Is 
transfen'ed to 50 mL of liquid broth of the same composition 
supplemented with 30 pM acetosyringone, pH 5.6, and Incubated at 200 
rpmfbr16hat28**C. 

10 Binary vectors can be constructed by operably linking the ^ 

nucleotide sequence of FIG* 4 or FIG. 5* in the antisense orientation, to 
the CaMV 35S promoter (or other suitable promoter) and to the hopaline 
©yntiiase terminator region (or other suitable terminator sequence) 
between the left and the right borders. The vector rtiay also contain the 

15 NOS-NPTIKNOS chimeric kanamycrn resistancB gerie between the left 
and the right borders for selection of transformed plant cells. 

The recombinant plasmid is introduced into Agrobactorium 
by triparentai mating, 

CO'CuItivation of mango proembryos with A. fumefaciens . 

20 Three grants of pn^embryo masses of size <1000 mm. 

diameter maintained in liquid medium are lightly macerated and cultured 
in 50 mL of liquid maintenance medium to which 0,05 mL of a log phase 
culture of acetosyringone-acBvated A. tum^faciens are added, Raslcs are 
maintained on a rotary shaker at 120 rpm. Proembryos are then 

25 transfenred to fresh maintenance medium every 24 h for 3 days. No 
additional bacterlu m ts added at this stage. 
Selection protocols. 

The main criterium used for identifieation of tnansformants is 
the ability of proembryos to grow in liquid selection medium. The 
30 kanamycin levels that are used for the selection are based on earlier 
studies on kanamycin sensffivHy of mango somatic embryos (Mathews 
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and Lte. 1990. HortScience. 25. 965-966). . 

After 3 days of co-cultivation* the proembryo masses are 
selected using a stepwise selection protocol. 

Step 1: Proembryos are evenly plated on solid maintenance 
5 medium with 200 ^ig/mL kanamycin and 500 yg/mL cefotaxime (10-12 
months). 

Step 2: Proembryos are. more stnngently selected on soiid 
medium at 400 pg/mL kanarrycin for increasing the proportion of 
tranafomied versus non-trahafbrmed cells (2 months). 
"•0 Step 3: Proembryos are sufacultured in liquid maintenance 

medium with 100 pg/nriL kanamycin (2-3 months), 

Proembryos on solid medium are then subcultured onto the 
same medium every 3 wk for 10 months, and thereafter maintained on 
selection medium without cefbtaxine. 
1 5 Reoovdry oftmnsfomed somatic embryos. 

Proembryos from liquid selection medium are transferred to 
liquid embryogenesis medium (maintenance medium without 2.4-D, 
supplemented v^rtth 0.22 pM benzyJaminppurine) containing 100 pg/mL 
kanamycin for 30 to 50 days for somatic embryo development. 
20 All cultures in liquid selection medium, are transferred 

-subsequentiy^ ar-io .5-day jgtervals to fr e sh m e dium, depending on the 

amount of darkening that has occurred due to oxidation. 

The DMA sequences of the invention have utility as targets 
for the generation of transgenic variants of pineapple, papaya and mango 
25 In which the expression of ACC synthase Is substantially Inhibited to effert 
suppression of fruit senescence. 

Suitable methods for engineering such transgenic plants 
which have been described above could be utilized to engineer such 
transgenic plants. The use of such methods, in concert with the DNA 

30 sequences of the invention, will enable the generation of ripening- 

resistant varieties of pineapple, papaya and mango. It is anticipated that 
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In comparison to normal varieties of these fruits, ttie quality, quantity antf 
longevity of the transgenic varieties will be greatfy improved for market In 
both developed and undeveloped countries. 
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Abstract 

New ACC synthase genes from pineapple, papaya and mango are disclosed which 
have utility as targets for the generation of transgenic plants in which the expression of 
ACC synthase is substantially controlled to effect the regulation of plant development, and 
in particular, fruit ripening. 
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CLAIMS 

1. An isolated nucleotide sequence encoding an AGC synthase 
enzyme of pineapple comprising the sequence of nucleotides as shown in 
FIG. 1. 

2. An isolated nucleotide sequence encoding an ACC synthase 
enzyme of papaya comprising the sequenca of nucleotides as shown in 

Fia2. 

3. An isolated nucleotide sequence encoding an ACC synthase 
enzyme of papaya comprisrng. ttie sequence of nucleotides as shown in 
FIG. 3. 

4. An isolated nucleotide sequence encoding an ACC synthase 
enzyme of mango comprising the sequence of nucleotides as shown in 
FIG. 4. 

5. An isolated nucleotide sequence encoding an ACC synthase 
enzyme of mango comprising the sequence of nucleotides as shown in 
FIG. 5. 

6. An isolated nucleotide sequence as claimed In Claims 1-5 wherein 
said sequence is a homolog ttiereof. 

7. An isolated nucleotide sequence as claimed In Claim 6 wherein 
said homolog is obtained .from a fruit, fruit part or cell thereof. 

8. Ah isolated nucleotide sequence as claimed in Claim 7 wherein 
said fruit, fruit part or cell thereof is obtained from a pineapple plant, a 
mango plant or a papaya plant. 

9. A method of generating a transgenic variety of pineapple wherein 
fruit senescence is substantially Inhibited, said method Including the steps 
of introducing into a pineapple plant, or plant part or cell thereof a vector 
comprising the nucleotide sequence of FIG. 1 wherein said sequence is 
operably linked, in the sense orientation, to one or more regulatory 
nucleotide sequences, and growing said plant or plant part or celi thereof 
to generate the transgenic variety of pineapple. 

10. A method of generating a transgenic variety of pineapple wherein 
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fnjrt senescence is substantially inhibfted, said method including the steps 
of introducing into a pineapple plant, or plant part or cell thereof a vector 
comprising the nucleotide sequence of FIG, 1 wherein said sequence is 
operably linked, in the antiaense orientation, to one or more regulatory 
5 nucleotide sequences, and growing said plant or plant part or cell thereof 
to generate the transgenic variety of pineapple, 
11. A method as claimed in Claim 9 or aaim 10 wherein said 
nuoleofide sequence is a homolog fhereol 

12- A method of generating a transgenic variety of papaya wherein fmit 
10 senescence is substantially Inhibited, said method including the:steps of 
introducing into a papaya plant, or plant part or cell thereof a v^ctor 
comprising the nucleotide sequence of FIG. 2 and/or FIG. 3 wherein said 
sequence Is operabiy linked^ in the sense orientation, to one or more 
regulatory nucleotide sequences, and growing said plant or plant part or 
1 5 cell thereof to generate the transgenic variety of papaya. 

13. A metfiod of generating a transgenic variety of papaya wherein fruit 
senescence is substantially inhibitedt said method including the steps of 
introducing into a papaya plant, or plant part or cell thereof, a vector 
comprising the nucleotide sequence of FIG* 2 and/or FIG. 3 wherBin said 

20 sequence Is operably linked ^ in the aptisense orientation, to one or more 
regulatory nucleotide sequences, and growng said plant or plant part or 
ceil thereof to generate ttie transgwic variety of papaya. 

14, A method as claimed in Claim 12 or Claim 13 wherein said 
nucleotide sequence is a homolog thereof. 

25 15. A method of generating a transgenic variety of mango wherein frijit 
senescence is substantially inhibited, said method including the steps of 
introducing into a mango plant, or plant part or ceil thereof a vector 
comprising the nucleotide sequence of FIG. 4 and/or FIG. 5 wherein said 
sequence is operably linked, in the sense orientation, to one or more 

30 regulatory nucleotide sequences, and grawing said plant or plant part or 
cell thereof to generate the transgenic variety of mango. 
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16. A method of generating a transgenic variety, of mango wherein fruit 
senescence is substantially inhibited, said method including the steps of 
introducing into a mango plant, or plant part or cell thereof a vector 
comprising the nucleotide sequence of FIG. 4 and/or FIG. 5 whemin said 
sequence is operably linteed, in the antlsense orientation, to one or more 
regulatory nucleotide sequences, and growing said plant or plant part or 
ceil thereof to generate the transgenic variety of mangb. 

17. A method as claimed in Claim 15 or Claim 16 wherein said 
nucleotide sequence is a homolog thereof, 

18. A vector which contains at least one copy of a nudeotide sequence 
as claimed in any of Claims ^-8. 

19. A vector as claimed in Claim 18 wherein said nucleotide sequence 
is under the confrol of one or more regulatory sequences. 

20. A transgenic variety of pineapple when produced by the method'of 
Claim 9 or Claim 10. . 

21. A transgenic variety of papaya when -produced by the method of 
Claim 12 or Claim 13. 

22. A transgenic variety of mango when produced by the method of 
Claim 15 or Claim 16. 

23. A method of Isolating at least a fragment of an ACC synthase gene - 
involved in regulation of fmit ripening, said method including the steps of:- 

(a) lysing ripened tissue of a fruit to produce a iysate; 

(fa) separating protein and carbohydrates from the Iysate to 
produce an extract comprising substantially intact RNA wherein said 
extract is substantially incapable of inhibiting cDNA synthesis: 

(c) reverse transcribing the RNA of said extract with an 
antisense primer complementary to a portion of said ACC synthase gene 
to synthesize a cDNA; and 

(d) subjecting the cDNA to PCR with a sense primer and -an 
antisense primer which are complementary to different portions of s^id 
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ACC synthase gene to amplify said at least a fragment of said ACC 
synthase gene, 

24. A method as daimed in Claim 23 wherein the fruit is pineapple, 
papaya or mango fruit. . 

25. A method as claimed In Claim 23 wherein the step of lysing Is 
effected by lysing the ripened tissue in a medium comprising 150 mM Tris 
pH 7.5 with boric acid, 2% SDS, 50 mM EDTA, 1% mercaptoethanol- 

26. A method as daimed In Claim 23 wherein the step of separating Is 
effected by at least one chloraforni-isoamyl alcohol extraction of the lysate 
followed by at least two phenotchlorofonn extractions of an aqueous 
phase resulting from the" at least one chlorofonrhisoamj^ alcohol 
extraction. 

27. A method as claimed in Claim 23 wherein the step of separating is 
effected by at feast one chlorofonn-isoamyl alcohol extraction of the lysate 
followed by at least two phenol-chlorofomri-isoamyl alwhol extractions of 
an aqueous phase resulting finom the at least one chloroform-isoamyl 
alcohol extraction. 

28. A method as daimed in Claim 23 wherein the sense primer used 
for step (c) as well as the sense primer and the antlsense primer used for 
step (d) are degenerate primers. 
29- A method as claimed In Claim 28 wherein said degenerate primers 
conrespond to conserved portions of different ACC synthase isofonns. 

30, A method as daimed in Claim 28 wherein said degenerate primers 
are selected from the group consisting oft 

5' TA(C/T)TT(C/T)GA(C/T)GG(A/C/G/T)TGGAA(A/G)GC 3'; // 
5'TC(A/G)TCCAT(A/G)TT(A/C/G/T)GC(A/G}AA(A/G)CA3^; / 2 
5^ CA{A/G)ATGGG(A/C/G/T)(C/T)T(A/C/GniGC(A/C/Gn-)GA(A/G)^ 3'; / 5 
5' AC(A/C^G/T)C(Grr)(/^G)MGCA(A/e/G/T)CC(A/C/G/t)GG(C/T)T 3': 
5* GCTCTAGATA(C/T)TT{Crr)GA(CyT)GG(A/C/GyT)TGGAA(A/G)GC 3'; / ^ 
5*eCGAATTC(A/G)TCCAT(A/G)TT(A/C/G/T)GC{A/G)AA{A/G)CA3'; / ^ 
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5' CCTGATCA(A/G)ATGGG(AyC/G/T)(C/T)T{A/C/Grr)GC(A/C/G/r)GA(A/ 
G)AA 3': and 

5-CTCTGCAQC(A/Q)AA(A/G)CA{A/G/Gn-)AC(A/C/GA')C{G/T)(A/G)AA 
CCA3\ 

31 . A method as daimed in Claim 23 wherein the fruit is pineapple, the 
antlsense primer in step (c) is 5' TC(A/G)TCCAT(A/G)TT 
(A/C/Grr)GC{A/G)AA(A/G)CA 3'/ the sense primer for step (e) is 5' 
TA(Cn")TT(C/DGA(C/T)GG(A/C/G/T)TGGAA(A/G)GC 3' or 5" 
CA(A/G}ATGGG(A/C/G/T)(C/T)T(A/C/GmGC^A/C/GniGA(A/G)AA 3'. 
and ^ the antlsense primer for step (d) is 5' 
TC(A/G)TCCAT{A/G)Tr(A/C?G/TjGC(A/G)AA(A/G)CA. 3' or 5' 
AC(A/C/G/T)C(GnO{A/G)AACCA(A/C/G/T)CC(A/C/G/T)GG(C/r)TC3'. 

32. A method as claimed in Claim 23 wherein the fruit is mango or 
papaya, the antisense . primer for step (c) is 5' 
GCGAATTC(A/G)TCCAT(A/G)TT(A/C/Q/T)GC(A/G)AA(A/G)CA 3', the 
sense primer for step (e) is 5' GCTCTAGATA(C/T)TT{C/T)GA(C/T)GG 
(A/C/G/T)TGGAA{A/G)GC 3' or 5' CGTGATCA(A/G)ATGGG 
(A/0/G/T)(C/T)T(A/C/G/T)GC(A/C/G/T)GA(A/G)AA 3', and the antisense 
primer for step (d) is 6' GCGAATtC(A/G)TCCAT(A/G)TT(A/C/G/T)GC 
(A/G)AA(A;G)CA 3' or 6' GTCTGCAGC(A/G)AA(A/G)CA(A/C/Gn-)AC 
(A/C/G/T)C(G/T)(A/G)AACCA 3'. 

33. A method as claimed in Claim 23 wherein step (d) comprises a first 
PGR and a second PGR wherei n the second PGR employs a nested pair 
of primers relative to those utilized in the fjret PGR. 
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DECLARATION, POWER OF ATTORNEY AND PETITION 

As a beiow named inventor, I hereby declare ihat: 

My residence, post ofRcse address and citizenship are as stated below next to my name. 

I believe 1 am the original, first and sole inventor Cif only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled "NOVEL ACC 
SYNTHASE GENES", the specification of which Is attached hereto unless the following 
box is checked: 

H was filed on September 20. 1996 as United States Application Number or PCT 
International Application No. PCT/AU96/00591 and was amended on June 
10JI99L (if applicable). 



I hereby state that I have reviewed and understand the contents of the atrave-identified 
specification, including the daims as amended by any amendment refen-ed to above. 

I acknowledge the duty to disclose Information which Is material to patentability as 
defined in Title 37, Code of Federal Regulations, § 1 .56(a). 

I hereby daim foreign priority benefits under Title 35, United States Code, § 1 1 9(a)-(d) 
of any foreign application(s) for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent or inventor's certificate having 
a filing date before that of the application on which priority is claimed: 











Number 


Country 


Date Filed 


Priority Claimed 


PN5569 


Australia 


20/September/1995 


YES 


PN9603 


Australia 


2/May/1996 


YES 



I hereby daim the benefit under Title 35. United States Code, §120 of any United States 
application(s) listed below and, Insofar as the subject matter of each of the daims of this 
application is not disdosed in the prior United States application In the nranner provided 
by the first paragraph of Title 35. United States Code, §1 12, 1 acknowledge the duty to 
disclose material information as defined in' Title -37, Code of Federal Regulations, 
§1.56(3) which occurred between the filing date of the prior application(s) and the 
national or PCT intemationai filing date of this application: 
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And I hereby appoint the following .Attomey(s) and/or agent{s) to prosecute this 
application and to transact all business in the Patent and Trademark Office connected 
herewith: Bruce M. Collins, Esq., Reg. No. 20,066; Ronald Gould, Esq.. Reg. No. 
28,299; Diane Dunn McKay, Esq., Reg. No. 34,586; Glen E. Books, Esq., Reg. No. 
24,9540 and Scott N. Bernstein, Esq.. Reg. No. 38,827. 

Address all telephone calls to . at telephone number (609) 924 

8555. 

Address all correspondence to . at MATHEWS, COLLINS 

SHEPHERD & GOULD, 100 Thanet Circle, Suite 306. Princeton, NJ, 08540-3662.' ' 

I hereby declare that all statements made herein of my own l<now!edge are true and 
that all statements made on infonnation and beRef are believed to be true; and further 
that these statements were made with the knowledge that wiliftjl, false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the Unrled States Code, and that suoh wilful, felse statements may 
jeopardize the validity of the application or any patent issuing thereon. 

Full name of sole of first inv9n tOK->4Qg^RAM6NI BOTELLA • 

Inventoi^s signature: ^^^^ ^"^^ n^At, ^*g> . March 1907 

Residence: Kenmore ogsensiann. 4069. Australia 

Citizenship: Spain ^ ■■ 

Post Office Address: 1 2 Tad Stre et Kenmora Queensland. 4069. Australia 
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